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Abstract
We advance the hypothesis here tha t the higher-than-average vocal p itch  (F0) 
found  fo r speech o f B roca’s-aphasics in experim ental settings is due, in p a rt, to 
increased psychological stress. Two experim ents w ere conducted  which m an ipu ­
lated conversational constraints and the sentence form s to be produced by aphasic 
patients. O ur study revealed significant differences between changes in vocal pitch 
o f  agram m atic B roca’s aphasics versus those  o f  W ernicke’s aphasics and  norm al 
controls. It is suggested that the greater psychological stress experienced by the 
B roca’s aphasics, bu t no t by the W ernicke’s aphasics, accounts fo r these observed 
differences.
Introduction
I t  has been found that patients with B roca’s aphasia give up  their typical telegraphic 
speech style in m ore form al com m unication— in particu lar, certain  test situations 
such  as reading and picture description. T his change is accom panied by expressions o f 
dissatisfaction (even curses), increased non-fluency and increased res ta rts  and  errors 
(H eeschen, 1985), These effects are not seen in  W ernicke’s aphasics. T he critical factor 
producing  this change in the Broca’s aphasics seems to  be the degree o f  freedom  for 
expression available to the patient in the  p a rticu la r speaking  situation. Specific tasks 
which im pose particu lar sentence forms reduce the  degree o f  freedom . S itua tions with 
m ore specific com m unication expectancies can also be an tic ipated  to decrease the 
degree o f freedom . Thus a continuum  is form ed from  free conversation, w hich allows 
the  patien t the greatest degree of freedom , to reading, which has the least.
In three published studies in which the average vocal pitch (or fundam ental 
frequency— F0) of read speech for B roca 's  aphasics has been com pared  to th a t for 
norm al subjects, it has been found to  be higher (D anly  and  Shapiro , 1982; Ryalls, 
1984; Cooper, Soares, Nicol, M ichelow and  G oloskie, 1984). Table 1 shows the 
average fundam ental frequencies derived from  these studies. The overall m ean dif­
ference between norm al and Broca aphasic  pa tien ts is 54 Hz. Yet, in  one study 
where the vocal frequency o f  Broca’s aphasics an d  norm al subjects w as derived fo r 
repetition  o f simple three-w ord sentences (Ryalls, 1982) there was only a  difference o f  
2 Hz, A lthough there are now a num ber o f  add itiona l studies which have shed  som e 
light on the suprasegm entai im pairm ent o f B roca’s aphasics (see E m m orey , 1987;
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Table I. Differences in average FQ o f  B roca’s  aphasics versus norm al control subjects fo r  read
speech .
Broca’s N orm al Difference
D anly and Shapiro (1982) 147 110 37
Ryalls (1984) 164 110 54
C ooper e t ah (1984) 190 118 72
Ryalls and  Reinvang, 1986; and G a n d o u r and D ardarananda, 1983), no  research has 
specifically addressed the increased p itch  effect o f such patients.
It has been suggested th a t such a difference in average fundam ental frequency 
between Broca’s aphasics and norm al speakers could be due to g rea ter psychological 
stress on the part o f the B roca’s aphasics (Ryalls, 1984). I f  the degree o f  freedom in 
the specific conversational situation  is the critical factor for inducing psychological 
stress, then it can be expected th a t the fundam ental frequency (F0) o f Broca’s 
aphasics will vary accordingly. (See below for the relationship betw een psychological 
stress and  fundam ental frequency,) T hus it is necessary to com pare the fundam ental 
frequency o f Broca’s aphasics in constrained com m unication situa tions versus less 
constrained speech p roduction  situations.
In contrast, W ernicke’s aphasics are not expected to dem onstrate  this effect, given 
their fluency and decreased concern w ith language difficulties (even anosognosia) 
(Geschwind, 1981; L ebrun, 1987). Such patients have been shown no t to  change their 
speech style in m ore constra ined  speech tasks (Heeschen, 1985; H eeschen and Kolk, 
1988). Therefore they are expected to behave like norm al contro l subjects. Thus we 
expect th a t norm al con tro l subjects and W ernicke’s aphasic patien ts will not 
dem onstrate higher F0 in m ore constrained language tasks. A lthough W ernicke’s 
aphasics still m onitor their speech (Schlenck, H uber and W illmes, 1987), they are 
unconcerned by their errors.
Starkstein and R obinson  (1988) have shown that, for various reasons, Broca’s 
aphasics show a greater tendency to depression than W ernicke’s aphasics. We take 
this depression as a fu rther indication o f  the typical B roca’s aphasic’s concern with his 
com m unication problem . Since the Broca patient often fails in correcting  his errors, 
o f which he is still aw are, we hypothesize that he feels a situation  akin  to ‘learned 
helplessness1 (see Peterson and Seligman (1984) for an  overview).
Conditions o f increased psychological stress have been found  to result in 
significant increases in average F0 for norm al subjects (Ekm an, Friesen and Scherer, 
1976; Streeter, Geller and Apple, 1977). As Sapir and  A ronson (1987, p. 79) have 
recently stated: ‘the larynx is the instrum ent through which em otions and feelings—  
conscious or unconscious, pleasant o r unpleasant— are expressed. T his fact helps to 
explain why the larynx is a com m on site for the expression o f em otional conflict, 
stress, depression o r anxiety'. F rom  this we predict that B roca’s aphasics will 
dem onstrate a rise in F0 in situations where they are required to respond in some 
constrained m anner.
In the  two experim ents reported here, we looked at the difference in average vocal 
frequency for Broca’s and W ernicke’s aphasics and norm al con tro l subjects across 
two different speech elicitation conditions— one in which the speech ou tpu t is m ore 
constrained by the task , and the o ther which leaves the subject a greater degree o f  
freedom .
Experiment 1
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Subjects
Eight agram m atic Broca’s and eight W ernicke’s aphasics were used in this experi­
ment, as well as eight non-neurological norm al controls. There were five m ales and 
three female subjects in each case. N eurological subjects were classified o n  the basis o f 
their scores on the AA T (Aachener A phasie T est— see Huber, Poek, W eniger and 
Willmes, 1983), which also indicates the general severity o f aphasia independent o f 
type. Subjects were also balanced for their severity o f aphasia across types. A lthough 
data  from bo th  G erm an and D utch native speakers were used in this experim ent, no 
language variables were m anipulated according to  language that could have affected 
the results o f o u r experiment. The first four subjects in each aphasie group were 
German, while the second four in each g roup  were D utch . All eight norm al subjects 
were D u tch .1
M ethod
Patients were fam iliar with the examiner an d  were tested in a familiar environm ent—  
often their own homes. The less constra ined  condition consisted o f subjects 
producing spontaneous speech in a ‘coffee-time chat* conversation. In the m ore con­
strained ‘experim ental’ condition, subjects were required to describe the actions 
depicted in pictures which were presented to them . They were prom pted into specific 
sentence form s w ith questions such as ‘W hat is X  doing?’ or ‘W hat is happening to 
YT .  Thus in this condition, their speech o u tp u t was m ore or less constrained by the 
topic of the actions depicted in the pictures and  by the questions being asked.
Five utterances were taken from the less constra ined  condition and subm itted to 
acoustic analysis. These were the first five m ore o r less ‘complete’ phrases, provided 
they were free o f  environm ental noise and from  overlapping speech from the 
examiner. Single-word utterances and echolalic responses were eliminated. Although 
it was not required  th a t the utterance be a com plete sentence, utterances dem on­
strated norm al sentential properties such as FO declination (Cooper and  Sorensen, 
1979). It was required th a t utterances convey a sem antically cohesive message which 
was not necessarily perfect syntax. Some exam ples are: ‘Also therapy difficult’ and 
‘The wall pa in ted ’.
These u tterances were digitized at 10 kH z and a ‘peak-picking’ algorithm  was 
used to extract the fundam ental frequency. A single average value was derived for 
each utterance by an autom atic averaging procedure. Next, these five utterances were 
averaged to give a value for each subject, as show n in Table 2. The ranges o f the five 
utterances were also reported. For the ‘experim ental’ condition, five utterances per 
subject were selected and measured in the same m anner to arrive at an average FO for 
each subject in this condition.
1 Dutch and G erm an are very similar languages indeed, both phonologically and  structurally, 
and are no t expected to engage speech mechanism s such as vocal pitch in a different m anner. 
All the properties o f  the experim ent that were im posed on the subjects were the same in Dutch 
and G erm an. The use o f subjects with different linguistic backgrounds was dictated by the 
availability o f  experim ental subjects.
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Table 2. E xperim en t 1.
U nconstrained C onstrained
u ro iip
(sex) Average Range Average Range Differen
Broca
(m) 116 7 104 38 —12
(f) 197 13 210 12 +  13
(m) 134 28 126 46 - 8
(m) 105 31 107 24 +  2
(f) 176 18 194 25 +  18
(f) 190 34 202 15 +  12
(0 187 47 187 76 0
(f) 195 25 205 25 +  10
A verage Diff. Broca + 4-4  (SD 10-7)
W ernicke
( 0 164 26 159 19 - 5
(m) 119 26 106 14 - 1 3
( 0 199 64 160 20 - 3 9
(O 192 76 163 31 - 2 9
(0 209 62 216 50 +  7
(m) 135 42 136 15 +  1
(f) 175 33 174 19 - 1
(m) 134 27 122 42 - 1 2
A verage Diff. W ernicke - 11-4 (SD 15*'
N orm al
CO 166 108 139 42 - 2 8
(f) 142 23 140 18 - 2
(f) 137 28 130 36 - 7
(m) 130 33 117 31 - 1 3
(m) 138 52 123 4 -  15
(f) 155 29 153 31 - 2
(m) 94 24 100 26 + 6
(f) 169 40 153 22 - 1 6
A verage DifF. N orm al — 9*6 (SD 10*6)
Results
The resulting values are presented  in Table 2. T he  difference between the averages on 
each o f the two conditions was derived fo r  each subject, that is the average o f  five 
tokens for the ‘relaxed’ cond ition  was sub trac ted  from the average o f five tokens for 
the ‘stressed’ condition fo r each subject. T he  difference in averages between the two 
conditions was used because o f  the w ell-know n differences in average vocal pitch 
between male and female speakers (sym bolized by ‘m ’ and ‘f  in the tables). 
Differences were used, even though g roups were balanced for sex.2
2T he use o f this difference in averages allowed us sim ply to consider the difference in F0 which 
was due to the experim ent an d  n o t due to differences in m ale versus female fundam ental 
frequencies (see Peterson and  B arney, 1959). T h is  m eans, for exam ple, th a t for the purposes of 
our com parison  a change from  90 to 100 H z is trea ted  th e  same as a change from 110 to 120 Hz.
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A one-way analysis o f  variance (ANOVA) with g roup  as a  factor (three levels) was 
conducted on  the fundam ental frequency difference scores. There was a  significant 
effect for g roup [F (2-21) =  3-79; p < 0*05]. A  N ew m an-K euls post hoc test revealed a 
significant difference between the difference scores o f  the Broca patients and the 
Wernicke patien ts (p <  0*05). The difference scores o f  the Broca patients and the 
normal control subjects did not differ significantly from  each other. T hus Broca’s 
aphasics differ from  both  Wernicke patients and norm al controls in th a t they show a 
higher F0 in the m ore constrained task , whereas W ernicke’s aphasics and non- 
neurological controls show the opposite tendency .3
It could no t be determ ined on the basis o f  these results whether the higher F0 for 
the Broca’s aphasics in the picture-nam ing task was sim ply due to the m ore stressful 
situation o f  describing pictures as com pared w ith producing spontaneous speech, or 
whether there was an effect o f imposing sentence form s which was different in the 
picture description situation from what it w as in spontaneous speech. T o shed more 
light on this question, a second experim ent was conducted in which the conver­
sational dem ands were m anipulated w ithou t changing the constraints on speech 
output.
Experiment 2
Subjects
Subjects were clinically evaluated using th e  same test as in Experim ent 1. All the 
subjects in this experim ent were native speakers o f  D utch. Four subjects who had 
served in Experim ent 1 were included in E xperim ent 2. Each group (B roca’s aphasics, 
W ernicke’s aphasics and normal controls) contained eight subjects (five males and 
three females). Patients were again fam iliar with their examiner.
M ethod
In  this experim ent subjects were required to  describe the various anom alies in pictures 
which were presented to them — for example a  deer w ith ‘ho rns’ instead o f  ‘antlers’. In 
the less constrained condition each subject was encouraged by being told it was a 
simple task which they would be able to perform  m ore easily than o ther patients, 
and that it was ju s t a practise session. F o r  the m ore constrained condition, which 
was the same task, they were told (a) th a t the "real’ experiment had now begun, 
(b) that they were required to answer as com pletely as possible and (c) that their 
responses w ould now be scored. Note th a t  the only difference between the two 
conditions is th a t the instructions set up a  m ore constra ined  com m unication situation 
for the same type of stimuli. In both cond itions the subjects had five pictures to
3A two-way analysis of variance with group (three levels) and condition (two levels) as factors 
was done on the absolute F0 values. This analysis revealed an overall significant effect for 
condition [F(l*21) = 4*69; p < 0-05]. However, there was also a significant group x condition 
interaction, which renders the main effect for condition uninterpretable. Naturally, the F  value 
for the group x condition is the same as the F  value for the ANOVA on the difference scores. 
Since this interaction was expected and has to be interpreted, we performed ANOVAs on the 
difference scores in both Experiments 1 and 2.
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describe. The pictures w ere counterbalanced  am ong the subjects in each group such 
that all the pictures occurred bo th  in the ‘less constra ined1 and  in the 'more 
constrained’ conditions. This was done  to eliminate poten tial spurious effects related 
to  specific pictures. T he less constra ined  condition preceded the m ore  constrained 
condition. Subjects were tested in a fam iliar environm ent in a session o f  about 
25 m inutes duration.
Again the five u tterances were selected under the sam e conditions as in Experi­
m ent 1. The five u tterances were alw ays taken from a t least two pictures, and some 
patients only produced one u tte rance  per picture. These u tterances were then 
m easured to obtain an average FO for each subject for each condition. Some 
examples o f utterances in this experim ent are: ‘I t’s som ething you use at hom e' and 
‘The telephone is n o t’. T he fundam enta l frequency values were obtained  in the same 
m anner as in Experim ent 1.
Results
Resulting FO averages and ranges are presented in Table 3. Ju st as in Experim ent I, a 
one-way ANOVA with group  as the only factor (three levels) was effected on the FO 
difference scores. There was a significant effect for group [^(2-21 =  4-30; p <  0-05]. 
Post hoc New m an-K euls tests revealed that the difference scores o f  the Broca’s 
aphasies were significantly different from those of bo th  norm al contro ls (/?<0*05) 
and W ernicke's aphasies (p <  0-05). The normal controls and the W ernicke patients 
did not differ from  each other. T hus B roca’s aphasies seem to be m ore sensitive to the 
constraints o f the com m unication situation than W ernicke’s aphasies and normal 
control subjects.
Discussion
The results of both Experim ents 1 and  2 indicate that Broca’s aphasics, in contrast to 
W ernicke’s aphasics and  norm al controls, react to the m ore form al and constrained 
experimental conditions with a higher F0, thereby indicating psychological stress. 
The constraints can be either linguistic or due to the com m unication  situation.
Thus we have evidence th a t B roca’s aphasics and W ernicke’s aphasics react 
differently to the same change in experimental situation. T ak ing  means for the 
differences in Experim ents 1 and 2, we find that B roca’s aphasics dem onstrated  an 
overall average increase o f 8-9 Hz, while W ernicke’s aphasics dem onstra ted  an overall 
average decrease of 7-3 Hz. There is, however, substantial varia tion  from patient to 
patient. Such differences in reaction may reflect differences in how  a patient has 
learned to cope with his aphasia, but these results do n o t allow us to address this issue. 
N orm al control subjects reveal no overall change (i.e. 0 Hz).
There are other differences in the speech of B roca’s aphasics which may be 
correlated with their increased vocal pitch— i.e. the ‘stressed’ situations prevented 
them  from  using their telegraphic style. It remains to be determ ined how speech 
characteristics such as telegraphic style interact with the effect we have  revealed here. 
O ther neurological groups will have to be tested to determ ine the specificity o f this 
effect to B roca’s aphasia. W e would also like to see m ore d irect measures of 
psychological stress, such as heart rate or pupil dilation, be effected on Broca’s 
aphasics. I f  o u r results are upheld, they may even be o f  po ten tia l use in speech
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Table 3. Experiment 2.
G roup
(sex)
U nconstrained C onstrained
DifferenceAverage Range Average Range
Broca
(m) 105 19 138 21 +  33
(m) 130 19 152 15 +  22
(f) 144 62 140 56 - 4
(in) 106 35 114 20 +  8
(m) 125 20 138 40 +  13
(tn) 154 30 170 70 +  16
(f) 157 63 177 65 +  20
(f) 116 50 121 12 +  5
Average Diff. B roca +  14-1 (SD 11-4)
W ernicke
(m) 97 19 111 11 +  14
(m) 112 19 104 34 - 8
(m) 88 13 86 17 - 2
(f) 198 29 Î 70 11 - 2 8
(f) 195 33 184 29 - 1 1
(f) 173 10 184 64 +  11
(m) 104 31 117 20 +  13
(m) 92 23 78 2 —14
Average Diff. W ernicke -3 -8  (SD 15*0)
N orm al
cn 137 51 124 25 —13
(f) 143 27 140 44 - 3
( 0 129 IS 131 12 + 2
(m) 122 15 110 17 - 1 2
(m) 117 24 118 14 +  1
( 0 154 40 165 38 +  11
(m) 99 23 111 21 + 12
(0 169 45 179 32 +  10
Average Diff. N orm al +2-4 (SD 19-9)
therapy. These results are also of m ethodological relevance because they reveal that 
tapping  into B roca’s aphasies’ deficit by way o f  highly constrained and formalized 
experim ental situations induces psychological stress in such patients which may 
confound experim ental results.
Finally, we are not sure that the concept of psychological stress completely 
accounts for the effect o f  higher-than-norm al average vocal pitch in Broca’s aphasies. 
C ertainly the average difference of 54 Hz between Broca’s aphasies and normal 
speakers in read tasks is not of the same order o f m agnitude as the 9 H z increase we 
have found. O f course, a reading task is p robably  m ore stress-inducing than the 
simple picture description tasks used here. Also the contribution o f a slight residual 
laryngeal spasticity to the higher average FO on the part o f  the B roca’s aphasies 
canno t be elim inated on the basis of our present findings (although this possibility has 
n o t been described, to o u r knowledge, in the published literature). In any case, we feel 
th a t m ore research should be directed to these issues in order tha t we m ay more 
clearly com prehend the comm unication deficit resulting from aphasia.
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